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MIXER CIRCUIT HAVING IMPROVED LINEARITY AND NOISE FIGURE 

TECHNICAL FIELD 

[0001] The present invention relates to a communication system and, more 
particularly, to a mixer circuit having improved linearity and noise figure. 

BACKGROUND OF THE INVENTION 
[0002] A mixer circuit is generally used for modulation and demodulation of 
signals in a communication system. This mixer circuit mixes at least two input 
signals to output a signal having a frequency corresponding to the difference 
between mixed two signals or the sum of the two signals. 
[0003] FIG. 1 is a circuit diagram of a Gilbert cell mixer circuit that is a 
conventional typical mixer circuit. Referring to FIG. 1, the conventional mixer circuit 
includes an amplification unit 110 and a mixing unit 130. The amplification unit 
1 10 is composed of a first NPN transistor BN1 1 and a degeneration impedance L1 1, 
and amplifies a signal applied to an input Vin to output it to the mixing unit 130. 
The mixing unit 130 includes second and third NPN transistors BN12 and BN13, 
first and second load resistors R1 1 and R12. The mixing unit 130 mixes the signal 
outputted from the amplification unit 1 10 with local oscillation signals LO+ and 
LO-, to output a baseband signal. 

[0004] The operation of the mixer circuit shown in FIG. 1 and problems in the 
circuit will be described hereinafter. 

[0005] The amplification unit 1 10 of the mixer circuit has a common emitter 
structure and amplifies a signal Vin applied to the base of the first NPN transistor 
BN1 1 to output it to the mixing unit 130. The mixing unit 130 of the mixer circuit 
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has a base common structure and mixes the output signal of the amplification unit 
1 10 with the local oscillation signals LO + and LO- to output an intermediate 
frequency or baseband signal. 

[0006] That is, the mixer circuit shown in FIG. 1 is constructed in such a manner 
that the amplification unit 110 having a common emitter structure and the mixing 
unit 1 30 having a common base structure are connected to each other and the 
local oscillation signals LO+ and LO- are respectively applied to the bases of the 
second and third NPN transistors BN12 and BN13 to be mixed with an RF signal 
applied to the base of the first NPN transistor BN1 1 . 

[0007] In the conventional mixer circuit shown in FIG. 1, however, it is difficult 
to utilize the mixer circuit in an optimal manner in terms of linearity and noise figure 
because the amplification unit 1 10 is directly connected to the mixing unit 130. 
Specifically, current flowing through the first NPN transistor BN1 1 of the 
amplification unit 1 10 has the same value as the sum of currents flowing through 
the second and third NPN transistors BN12 and BN13. Accordingly, when the 
quantity of currents flowing through the second and third NPN transistors BN12 
and BN13 of the mixing unit 130 is increased in order to improve linearity of the 
mixer circuit, the current flowing through the first NPN transistor BN1 1 is also 
increased. This raises gain of the amplification unit 110. An increase in the gain of 
the amplification unit 1 10 deteriorates linearity of the mixer circuit. Furthermore, in 
the case where the current flowing through the first NPN transistor BN1 1 is 
increased while voltage Vce across the collector and emitter of the first NPN 
transistor BN1 1 is constant, linearity of the amplification unit is decreased. 
Moreover, it is difficult to optimize linearity and noise figure of the mixer circuit 
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because gains of the amplification unit 1 10 and mixing unit 130 cannot be 
independently controlled. 

[0008] That is, in the case where the mixer circuit is constructed in a manner 
that the amplification unit 110 and the mixing unit 130 are directly connected to 
each other although conditions for optimizing linearity and noise figure of the 
amplification 110 are different from them of the mixing unit 130, linearity and 
noise figure of the mixer circuit are deteriorated. 

[0009] U.S. Patent No. 5,532,637 proposes a mixer circuit for improving 
linearity and noise figure thereof. FIG. 2 shows a circuit diagram of the mixer 
circuit disclosed in U.S. Patent No. 5,532,637. 

[0010] Referring to FIG. 2, the mixer circuit includes three pairs of transistors 1 1, 
12, 15, 16, 17 and 18, first and second current sources 10 and 22. The first pair 
of transistors 1 1 and 1 1 controls current flowing between their collectors and 
emitters according to a first input signal applied differentially to first input terminals 
I/P1 + and I/P1 -. The two second pairs of transistors 15, 16, 17 and 1 8 control the 
quantity of currents flowing through them according to a second input signal 
applied to second input terminals I/P + ad l/P- and the current of a corresponding 
transistor of the first pair of transistors. The second current source 10 provides for 
the total current passed by the first pair of transistors 1 1 and 1 2 to be greater than 
the total current passed by the two second transistors 15, 16, 17 and 18. 
[0011] The prior art mixer circuit shown in FIG. 2 has the current source 22 at 
the input terminal of the mixer to improve linearity of the mixer circuit. However, it 
is known that currents, supplied to the collectors of the first pair of transistors 1 1 
and 12 after the voltage Vce across the collectors and emitters of the first pair of 
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transistors has been determined, do not improve linearity but deteriorate noise 
figure and current consumption (Guofu niu, et al., "RF Linearity Characteristics of 
SiGe HBTs", IEEE, Transaction of Microwave theory and Techniques, vol. 49, No. 9, 
Sep. 2001). 

[0012] Accordingly, in the case where the voltage between the collector and 
emitter is uniform, as shown in FIG. 2, there are limitations in improving linearity by 
providing more current to the amplification unit. Furthermore, there is also a 
limitation in increasing the current and the voltage across the collector and emitter, 
simultaneously, because of Vcc. Moreover, although larger quantity of currents 
flowing through the two second pairs of transistors 15, 16, 17 and 18 included in 
the mixing unit can obtain high linearity, linearity of the mixer circuit disclosed in 
U.S. Patent No. 5,532,637 is deteriorated since the quantity of current flowing 
through the mixing unit is smaller than the quantity of current flowing through the 
amplification unit. 

SUMMARY OF THE INVENTION 
[0013] An object of the present invention is to provide a mixer circuit having 
improved linearity and noise figure. 

[0014] Another object of the present invention is to provide a mixer circuit 
which optimizes its linearity and noise figure by independently controlling its 
amplification unit and mixing unit. 

[0015] Still another object of the present invention is to provide a mixer circuit 
which minimizes the influence of parasitic capacitance generated at the input 
terminals of the amplification unit and mixing unit of the circuit. 
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[0016] To accomplish the objects of the present invention, according to one 
aspect of the present invention, there is provided a mixer circuit including: an 
amplification unit having an input terminal and an output terminal, the amplification 
unit amplifying a signal applied to the input terminal to output it to the output 
terminal; a mixing unit having first, second and third input terminals, and first and 
second output terminals, the mixing unit mixing signals respectively applied to the 
first and second input terminals with a signal supplied to the third input terminal, to 
respectively output the mixed signals to the first and second output terminals; a 
capacitor connected between the output terminal of the amplification unit and the 
third input terminal of the mixing unit; and a current source for providing a specific 
quantity of current to the third input terminal of the mixing unit such that the 
quantity of current flowing through the third input terminal of the mixing unit is 
substantially larger than the quantity of current flowing through the amplification 
unit. 

[0017] In the mixer circuit in accordance with one aspect of the present 
invention, the amplification unit includes an amplification element having a first 
terminal that forms the input terminal, a second terminal that forms the output 
terminal and a third terminal, wherein the quantity and direction of current flowing 
from the second terminal to the third terminal are varied on the basis of the level of 
a voltage applied to the first terminal; a load impedance connected between the 
second terminal of the amplification element and a first voltage source; and a 
degeneration impedance connected between the third terminal of the amplification 
element and a second voltage source. 
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[0018] In the mixer circuit in accordance with one aspect of the present 
invention, the amplification unit further includes a capacitor connected between the 
first and second terminals of the amplification element. 
[0019] In the mixer circuit in accordance with one aspect of the present 
invention, the mixing unit includes a first amplification element having a first 
terminal that forms the first input terminal, a second terminal that forms the first 
output terminal and a third terminal, wherein the quantity and direction of current 
flowing from the second terminal to the third terminal are varied on the basis of the 
level of a voltage applied to the first terminal; a second amplification element 
having a first terminal that forms the second input terminal, a second terminal that 
forms the second output terminal, and a third terminal connected to the third 
terminal of the first amplification element to form the third input terminal, wherein 
the quantity and direction of current flowing from the second terminal to the third 
terminal are varied on the basis of the level of the voltage applied to the first 
terminal; and first and second load impedances connected between the second 
terminals of the first and second amplification elements and a voltage source, 
respectively. 

[0020] In the mixer circuit in accordance with one aspect of the present 
invention, the current source includes an LC resonance circuit. 

[0021] In accordance with another aspect of the present invention, there is also 
provided a mixer circuit including: an amplification unit having an input terminal and 
an output terminal, the amplification unit amplifying a signal applied to the input 
terminal to output it to the output terminal; a mixing unit having first, second and 
third input terminals, and first and second output terminals, the third input terminal 
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being connected to the output terminal of the amplification unit, the mixing unit 
mixing signals respectively applied to the first and second input terminals with a 
signal supplied to the third input terminal, to respectively output the mixed signals 
to the first and second output terminals; and a current source for providing a 
specific quantity of current to the third input terminal of the mixing unit. 
[0022] In the mixer circuit in accordance with another aspect of the present 
invention, the amplification unit includes an amplification element having a first 
terminal that forms the input terminal, a second terminal that forms the output 
terminal and a third terminal, wherein the quantity and direction of current flowing 
from the second terminal to the third terminal are varied on the basis of the level of 
a voltage applied to the first terminal; and a degeneration impedance connected 
between the third terminal of the amplification element and a second voltage 
source. 

[0023] In the mixer circuit in accordance with another aspect of the present 
invention, the amplification unit further includes a capacitor connected between the 
first and second terminals of the amplification element. 

[0024] In the mixer circuit in accordance with another aspect of the present 
invention, the mixing unit includes a first amplification element having a first 
terminal that forms the first input terminal, a second terminal that forms the first 
output terminal and a third terminal, wherein the quantity and direction of current 
flowing from the second terminal to the third terminal are varied on the basis of the 
level of a voltage applied to the first terminal; a second amplification element 
having a first terminal that forms the second input terminal, a second terminal that 
forms the second output terminal, and a third terminal connected to the third 
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terminal of the first amplification element to form the third input terminal, wherein 
the quantity and direction of current flowing from the second terminal to the third 
terminal are varied on the basis of the level of the voltage applied to the first 
terminal; and first and second load impedances connected between the second 
terminals of the first and second amplification elements and a voltage source, 
respectively. 

[0025] In accordance with another aspect of the present invention, there is 
provided a mixer circuit including: an amplification unit having an input terminal 
and an output terminal, the amplification unit amplifying a signal applied to the 
input terminal to output it to the output terminal; and a mixing unit having first, 
second and third input terminals, and first and second output terminals, the third 
input terminal being connected to the output terminal of the amplification unit, the 
mixing unit mixing signals respectively applied to the first and second input 
terminals with a signal supplied to the third input terminal, to respectively output 
the mixed signals to the first and second output terminals, wherein the 
amplification unit includes an amplification element having a first terminal that 
forms the input terminal, a second terminal that forms the output terminal and a 
third terminal, the quantity and direction of current flowing from the second 
terminal to the third terminal being varied on the basis of the level of a voltage 
applied to the first terminal; a degeneration impedance connected between the 
third terminal of the amplification element and a second voltage source; and a 
capacitor connected between the first and second terminals of the amplification 
unit. 
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[0026] In the mixer circuit in accordance with another aspect of the present 
invention, the mixing unit includes a first amplification element having a first 
terminal that forms the first input terminal, a second terminal that forms the first 
output terminal and a third terminal, wherein the quantity and direction of current 
flowing from the second terminal to the third terminal are varied on the basis of the 
level of a voltage applied to the first terminal; a second amplification element 
having a first terminal that forms the second input terminal, a second terminal that 
forms the second output terminal, and a third terminal connected to the third 
terminal of the first amplification element to form the third input terminal, wherein 
the quantity and direction of current flowing from the second terminal to the third 
terminal are varied on the basis of the level of the voltage applied to the first 
terminal; and first and second load impedances connected between the second 
terminals of the first and second amplification elements and a voltage source, 
respectively. 

[0027] In the mixer circuit in accordance with another aspect of the present 
invention, the mixing unit further includes capacitors each of which is connected 
between the first and second terminals of each of the first and second amplification 
elements. 

[0028] In accordance with another aspect of the present invention, there is also 
provide a mixer circuit including: an amplification unit having an input terminal and 
an output terminal, the amplification unit amplifying a signal applied to the input 
terminal to output it to the output terminal; and a mixing unit having first, 
second and third input terminals, first and second output terminals, the third input 
terminal being connected to the output terminal of the amplification unit, the 
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mixing unit mixing signals respectively applied to the first and second input 
terminals with a signal supplied to the third input terminal, to respectively output 
the mixed signals to the first and second output terminals, wherein the mixing unit 
includes a first amplification element having a first terminal that forms the first 
input terminal, a second terminal that forms the first output terminal and a third 
terminal, the quantity and direction of current flowing from the second terminal to 
the third terminal being varied on the basis of the level of a voltage applied to the 
first terminal; a second amplification element having a first terminal that forms the 
second input terminal, a second terminal that forms the second output terminal, 
and a third terminal connected to the third terminal of the first amplification 
element to form the third input terminal, the quantity and direction of current 
flowing from the second terminal to the third terminal being varied on the basis of 
the level of the voltage applied to the first terminal; first and second capacitors, the 
first capacitor being connected between the first and second terminals of the first 
amplification element, the second capacitor being connected between the first and 
second terminals of the second amplification element; and first and second load 
impedances connected between the second terminals of the first and second 
amplification elements and a voltage source, respectively. 

[0029] It is to be understood that both the foregoing general description and the 
following detailed description of the present invention are exemplary and 
explanatory and are intended to provide further explanation of the invention as 
claimed. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] The above and other objects, features and advantages of the present 
invention will be apparent from the following detailed description of the preferred 
embodiments of the invention in conjunction with the accompanying drawings, in 
which: 

[0031] FIG.1 is a circuit diagram of a conventional Gilbert cell mixer circuit; 
[0032] FIG. 2 is a circuit diagram of a conventional mixer circuit; 
[0033] FIG. 3 is a circuit diagram of a mixer circuit according to an embodiment 
of the present invention; 

[0034] FIG. 4 is a circuit diagram of a mixer circuit according to another 
embodiment of the present invention; 

[0035] FIG. 5 is a circuit diagram of a mixer circuit according to another 
embodiment of the present invention; and 

[0036] FIG. 6 is a circuit diagram of a mixer circuit according to another 
embodiment of the present invention. 



DETAILED DESCRIPTION OF THE INVENTION 

[0037] Reference will now be made in detail to the preferred embodiments of 
the present invention, examples of which are illustrated in the accompanying 
drawings. 

[0038] A mixer circuit according to the present invention uses a bipolar junction 
transistor amplifier device that includes a base, a collector and an emitter. The 
bipolar function transistor has a characteristic that the quantity and direction of 
current flowing from the collector to the emitter or flowing from the emitter to the 
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collector are determined according to the level and polarity of a voltage applied to 
the base. This amplifier device includes a bipolar junction transistor (BJT), a 
junction field effect transistor (JFET), a metal-oxide-semiconductor field effect 
transistor (MOSFET) and a metal-semiconductor field effect transistor (MESFET). 
[0039] Most amplifier devices utilize two complementary elements, that is, a 
first complementary element such as an NPN transistor and a second 
complementary element such as a PNP transistor. Each of the first and second 
complementary elements has a characteristic that the quantity of direction of 
current flowing from the collector to the emitter or from emitter to the collector are 
decided according to the level and polarity of a voltage applied to the base. 
[0040] Among the above-described amplifier devices, the bipolar junction 
transistor frequently used in RF circuits is adopted for the mixer circuit of the 
present invention. However, it is apparent to those skilled in the art that the spirit 
of the present invention can be applied to not only the bipolar junction transistor 
but also all devices that operate complementarily. Therefore, while the bipolar 
junction transistor is adopted in the specification, the scope and spirit of the 
present invention are not limited to the bipolar junction transistor. Furthermore, 
although NPN transistors are explained in the following description, the present 
invention can be also applied to PNP transistors. 

[0041] FIG. 3 is a circuit diagram of the mixer circuit according to an 
embodiment of the present invention. Referring to FIG. 3, the mixer circuit includes 
an amplification unit 310, a mixing unit 330, a first capacitor C31, and a first 
current source 131 . The amplification unit 310 has an input terminal 301 and an 
output terminal 303 and amplifies a signal Vin applied to the input terminal 301 . 
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The mixing unit 330 has first, second and third input terminals 305, 307 and 309, 
and first and second output terminals 31 1 and 313. The mixing unit 330 mixes 
local oscillation signals LO + and LO- respectively applied to the first and second 
input terminals 305 and 307 with a signal supplied to the third input terminal 309 
to output the mixed signals to the first and second output terminals 31 1 and 313. 
[0042] Specifically, the amplification unit 310 includes a first NPN transistor 
BN31, a degeneration impedance DI31 and a first load impedance LI31 and has an 
emitter common structure. That is, the base of the first NPN transistor BN31 forms 
the input terminal 301 , its collector is connected to one end of the first load 
impedance LI31 to form the output terminal 303, and its emitter is coupled to one 
end of the degeneration impedance DI31 . The other end of the first load impedance 
LI31 is connected to Vcc and the other end of the degeneration impedance DI31 is 
grounded. 

[0043] In the mixer circuit according to an embodiment of the present invention, 
a second capacitor (not shown) can be provided between the base and collector of 
the first NPN transistor BN31 . In this case, the second capacitor removes the 
influence of parasitic capacitance existing between the base and collector of the 
first NPN transistor BN31 so as to improve linearity of the mixer circuit. 
[0044] The mixing unit 330 includes second and third NPN transistors BN32 and 
BN33, and second and third load impedances LI32 and LI33, and has a base 
common structure. That is, the bases of the second and third transistors BN32 and 
BN33 respectively form the first and second input terminals 305 and 307, and their 
collectors are connected to one end of the second load impedances LI32 and one 
end of the third load impedance LI33 to form the first and second output terminals 
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31 1 and 313, respectively. In addition, the emitters of the second and third 
transistors BN32 and BN33 are connected to each other to form the third input 
terminal 309 of the mixing unit 330. The other ends of the second and third load 
impedances LI32 and LI33 are connected to Vcc. 

[0045] The first capacitor C31 is connected between the output terminal 303 of 
the amplification unit 310 and the third input terminal 309 of the mixing unit 330. 
The first current source 131 is coupled to the third input terminal 309 of the mixing 
unit 330. 

[0046] The operation of the mixer circuit according to an embodiment of the 
present invention will be described hereinafter. 

[0047] The amplification unit 310 amplifies a signal applied to the input terminal 
301 and outputs the amplified signal. Specifically, the first NPN transistor BN31 
varies current flowing from the collector to the emitter on the basis of the level of 
voltage applied to the input terminal 301, to amplify the signal Vin supplied to the 
input terminal 301 . 

[0048] The mixing unit 330 mixes the local oscillation signals LO 4- and LO-, 
respectively applied to the first and second input terminals 305 and 307, with the 
output signal supplied to the third input terminal 309, to output signals having a 
frequency corresponding to the difference between the frequencies of the two 
mixed signals or the sum of them to the first and second output terminals 31 1 and 
313. 

[0049] The first capacitor C31 blocks a DC component generated between the 
amplification unit 310 and the mixing unit 330 so as to separate the amplification 
unit 310 and the mixing unit 330 from each other. 
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[0050] The first current source 131 provides a specific quantity of current to the 
third input terminal 309 of the mixing unit 330 to allow the mixer circuit to operate 
in optimum state. In this case, the quantity of current provided by the first current 
source 131 is identical to the sum of currents Ic passed by the collectors of the 
second and third NPN transistors BN32 and BN33 of the mixing unit 330 and larger 
than the quantity of current passed by the first NPN transistor BN31 of the 
amplification unit 310. 

[0051] That is, the amplification unit 310 is separated from the mixing unit 330 

and the first current source 131 is connected to the third input terminal 309 of the 

mixing unit 330 such that the quantity of current passed through the mixing unit 

330 is larger than the quantity of current flowing through the amplification unit 

310. This can improve linearity and noise figure of the mixer circuit. 

[0052] The operation of the mixer circuit according to an embodiment of the 

present invention will be described in more detail hereinafter. 

[0053] In the mixer circuit for mixing at least two signals with each other, 

linearity and noise figure are very important factors for deciding the performance of 

the mixer. 

[0054] In terms of linearity of the mixer, in the case where more than two 
circuits are cascade-connected, as the mixer circuit shown in FIG. 3, the entire 
linearity depends on the gain and linearity of the first stage and the gain and 
linearity of the second stage. That is, the smaller the gain of the first stage 
becomes, the higher the entire linearity becomes. The optimal entire linearity can 
be obtained only when the linearity of the second stage is as high as the gain of 
the first stage. In the case where the gain of the first stage is high, a high-level 
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signal is applied to the second stage. This requires the mixer circuit to operate 
more linearly. Accordingly, it is preferable that the gain of the first stage is reduced 
and the gain of the second stage is increased to maintain a desired total gain and 
the linearity of the second stage is as high as the gain of the first stage in order to 
improve the entire linearity of the mixer. In case of the mixer, its entire linearity can 
be optimized only when the gain of the amplification unit 310 is appropriately 
controlled and linearity of the mixing unit 330 is increased as high as the gain of 
the amplification unit 310. 

[0055] In a non-linear device such as a bipolar junction transistor, its linearity is 
in proportion to collector current Ic of the transistor and voltage Vce between its 
collector and emitter. Accordingly, the linearity of the mixer circuit can be 
optimized by setting bias voltage and load impedance to predetermined appropriate 
values. 

[0056] In the conventional mixer circuit, however, the amplification unit and the 
mixing unit are directly connected to each other so that current passed through the 
mixing unit is restricted by current flowing through the amplification unit. In case of 
the mixer circuit of the present invention, the amplification unit 310 and the mixing 
unit 330 are separately and independently controlled so that the linearity of the 
mixer circuit can be improved. 

[0057] In terms of noise figure of the mixer, in the case where more than two 
circuits are cascade-connected as the mixer circuit shown in FIG. 3, noise figure is 
improved as the gain of the first stage is increased. The gain of the amplification 
unit 310 is proportional to transconductance gm of the first NPN transistor BN31 
and the impedance value of the first load impedance LI31 . 
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[0058] While the amplification unit 310 and the mixing unit 330 are directly 
connected to each other so that there is a limitation in independently controlling 
gains of the amplification unit and the mixing unit in the conventional mixer circuit, 
noise figure can be improved by increasing the gain of the amplification unit 310 in 
case of the mixer circuit of the present invention. 

[0059] In the mixer circuit according to an embodiment of the present invention, 
collector current Ic of the first NPN transistor BN31 is determined by bias voltage 
applied to the base of the first NPN transistor BN31, and voltage Vce between the 
collector and emitter of the first NPN transistor BN31 is decided by the collector 
current Ic and the first load impedance LI31 . Accordingly, linearity and noise figure 
of the amplification unit 310 can be optimized by setting the bias voltage applied to 
the first NPN transistor BN31 and the first load impedance LI31 to appropriate 
values. 

[0060] In the mixer circuit according to an embodiment of the present invention, 
the sum of currents passed by the collectors of the second and third NPN 
transistors BN32 and BN33 is identical to the quantity of current passed by the 
first current source 131 . Voltages between the collectors and emitters of the 
second and third NPN transistors BN32 and BN33 are decided by the currents 
passed by the collectors of the second and third NPN transistors BN32 and BN33, 
the second and third load impedances LI32 and LI33. Accordingly, linearity and 
noise figure of the mixing unit 330 can be controlled independently of the 
amplification unit 310 by setting the currents passed by the collectors of the 
second and third NPN transistors BN32 and BN33, the second and third load 
impedances LI32 and LI33 to appropriate values. 
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[0061] Consequently, the amplification unit 310 and the mixing unit 330 of the 
mixer circuit are separated from each other and the gain and linearity of the 
amplification unit 310 is controlled independently of those of the mixing unit 320 
so as to obtain optimal linearity and noise figure of the mixer circuit. 
[0062] FIG. 4 is a circuit diagram of a mixer circuit according to another 
embodiment of the present invention. Referring to FIG. 4, the mixer circuit is 
distinguished from the mixer circuit shown in FIG. 3 in that an amplification unit 
410 and a mixing unit 430 that are independently optimized are directly connected 
to each other. 

[0063] The composition and operation of the mixer circuit shown in FIG. 4 will 
be described hereinafter. 

[0064] The amplification unit 410 of the mixer circuit according to another 
embodiment of the present invention includes a first NPN transistor BN41 and a 
degeneration impedance DI41 . The base of the first NPN transistor BN41 forms an 
input terminal 401 of the amplification unit 410, and its collector forms an output 
terminal 403 of the amplification unit 410. The emitter of the first NPN transistor 
BN41 is connected to one end of the degeneration impedance DI41 . The other end 
of the degeneration impedance DI41 is grounded. 

[0065] Even in the mixer circuit according to another embodiment of the present 
invention, a capacitor can be provided between the collector and base of the first 
NPN transistor BN41 . In this case, the capacitor removes the influence of parasitic 
capacitance existing between the collector and base of the first NPN transistor 
BN41. 
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[0066] The mixing unit 430 includes second and third NPN transistors BN42 and 
BN43, and first and second load impedances LI41 and LI42. The composition of the 
mixing unit 430 is identical to that of the mixer circuit shown in FIG. 3 so that 
explanation therefor is omitted. 

[0067] The operation of the mixer circuit according to another embodiment of 
the present invention will be described hereinafter. 

[0068] Bias voltage (not shown) supplied to the bases of the second and third 
NPN transistors BN42 and BN43 is controlled while a first current source 141 is not 
being connected to the mixer circuit, to apply a predetermined voltage between the 
collector and emitter of the first NPN transistor BN41 . As described above, voltage 
Vce applied between the emitter and collector of the first NPN transistor BN41 
should be increased in proportion to current passed through the collector of the 
first NPN transistor BN41 in order to improve linearity of the mixer circuit. 
[0069] Accordingly, the bias voltage of the second and third NPN transistors 
BN42 and BN43 of the mixing unit 430 is controlled so as to apply optimal voltage 
between the collector and emitter of the first NPN transistor BN41 . In this case, 
while the optimal voltage and current are applied between the collector and emitter 
of the first NPN transistor BN41, the currents passed by the collectors of the 
second and third NPN transistors BN42 and BN43 may not satisfy linearity of the 
mixing unit 430, that is, linearity that should be as high as the gain of the amplifier 
410. 

[0070] Here, the first current source 141 can be provided between the collector 
of the first NPN transistor BN41 (that is, the output terminal 403 of the 
amplification unit 410) and the third input terminal 409 of the mixing unit 430 to 
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allow optimal current to flow through the collectors of the second and third NPN 
transistors BN42 and BN43 in terms of linearity. 

[0071] Consequently, the present invention controls the collector current Ic of 
the first NPN transistor BN41, the collector-emitter voltage Vce of the first NPN 
transistor BN41, and the currents passed through the collectors of the second and 
third NPN transistors. By doing so, optimal current and voltage for linearity can be 
applied to the mixer circuit to improve the linearity of the mixer circuit. 
[0072] FIG. 5 is a circuit diagram of a mixer circuit according to another 
embodiment of the present invention. The mixer circuit shown in FIG. 5 is 
distinguished from the mixer circuit shown in FIG. 3 in that the first current source 
131 is composed of an inductor L51 and a capacitor C52 connected in parallel with 
each other. That is, an LC resonance circuit instead of the first current source 131 
is used to eliminate harmonic components including the second harmonic of an 
input radio frequency signal Vin and the second harmonic of the local oscillation 
signals LO + and LO-. This can prevent degeneration of linearity due to the 
harmonic components. 

[0073] While the LC resonance circuit capable of removing harmonic 
components of an input signal is composed of the inductor L51 and the capacitor 
C51 connected in parallel with each other in FIG. 5, the inductor and the capacitor 
can be serially connected to each other. In addition, the mixer circuit shown in FIG. 
5 can employ the first current source 131 of the mixer circuit shown in FIG. 3. 
[0074] FIG. 6 is a circuit diagram of a mixer circuit according to another 
embodiment of the present invention. Referring to FIG. 6, the mixer circuit 
according to another embodiment of the present invention includes an amplification 
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unit 610 and a mixing unit 630. A capacitor C41 is connected between the 
collector and base of a first NPN transistor BN61 included in the amplification unit 
610 to remove non-linearity due to parasitic capacitance existing at the input 
terminal of the mixer circuit. 

[0075] Specifically, parasitic capacitance existing between the collector and 
base of the first NPN transistor BN61 is varied with a voltage applied to the input 
terminal, to deteriorate linearity of the mixer circuit. Accordingly, the capacitor C41 
is connected between the collector and base of the first NPN transistor BN61, as 
shown in FIG. 6, such that the parasitic capacitance and the capacitor C41 are 
connected in parallel between the collector and base of the first NPN transistors 
BN61. Thus, the influence of the parasitic capacitance can be removed by 
appropriately controlling the capacitance of the capacitor C41 . 
[0076] Furthermore, second and third capacitors C62 and C63 are connected 
between the collectors and bases of second and third NPN transistors BN62 and 
BN63, respectively, as shown in FIG. 6. This can eliminate parasitic capacitance 
existing between the collector and base of each of the second and third NPN 
transistors BN62 and BN63. 

[0077] While a single-ended type mixer circuit has been described in the 
aforementioned four embodiments, it will be apparent to those skilled in the art that 
the present invention can be applied to a mixer circuit composed of a differential 
pair. 
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INDUSTRIAL APPLICABILITY 

[0078] According to the present invention, linearity and noise figure of the mixer 
circuit can be improved. Furthermore, the amplification unit and the mixing unit of 
the mixer circuit are separately controlled so that they can be optimized 
independently. Moreover, the present invention can eliminate the influence of 
parasitic capacitance generated at the input terminals of the amplification unit and 
the mixing unit of the mixer circuit to improve linearity of the mixer circuit. 
[0079] While the present invention has been described with reference to the 
particular illustrative embodiments, it is not to be restricted by the embodiments 
but only by the appended claims. It is to be appreciated that those skilled in the art 
can change or modify the embodiments without departing from the scope and spirit 
of the present invention. 
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